The development of a simple technique for labelling E. coli endotoxin with radioactive chromium has presented the opportunity for tracer experiments (1). Such experiments have been conducted in different species of animals, using various doses of endotoxin tagged with either hexavalent chromium as Na2Cr510, or trivalent chromium, as Cr1Cl,. One of the objectives was to observe the physiologic changes which unfold as the endotoxin is removed from the blood and deposited in various organs. This paper presents the first of a series of studies describing these changes; it deals with the injection into rabbits of lethal doses of endotoxin tagged with hexavalent radiochromium.
The development of a simple technique for labelling E. coli endotoxin with radioactive chromium has presented the opportunity for tracer experiments (1) . Such experiments have been conducted in different species of animals, using various doses of endotoxin tagged with either hexavalent chromium as Na2Cr510, or trivalent chromium, as Cr1Cl,. One of the objectives was to observe the physiologic changes which unfold as the endotoxin is removed from the blood and deposited in various organs. This paper presents the first of a series of studies describing these changes; it deals with the injection into rabbits of lethal doses of endotoxin tagged with hexavalent radiochromium.
METHODS
Endotoxin, prepared from bacteria grown in synthetic medium, was labelled by direct incubation with Na.CrmO4 by the method described in the preceding paper (1) . When injected into rabbits, there were 223.4 counts per second per mg. and the LD. for mice before and after tagging was 0.2 mg.
Three groups of adult rabbits weighing 2.5 to 3.0 kg. were injected intravenously with Cr' as follows:
Group I-Endotoxin labelled with NaCrO4. Group II-NaCr'O4 in one vein followed by the injection of unlabelled endotoxin in another vein.
Group III-Na2Cr'O4 only (no endotoxin). The dose of endotoxin and chromium is given for each group in Tables IA, IB, IC and Figures IA, 1B, 1C . The dose of radioactive endotoxin was selected after determining from preliminary experiments: 1) that the pattern of distribution of radioactivity was the same over a wide range of lethal doses, and 2) that the amount of radioactive endotoxin injected in these experiments was enough to provide accurate counts in the tissues without killing the animals in too short a time to complete the experiment. 1 This investigation was supported in part by the Research and Development Division, Office of The Surgeon General, Department of the Army, under Contract No. DA49-007-MD-519.
Before the injection of endotoxin, leukocyte counts were made on blood from the ear vein, and rectal temperatures and blood pressures were measured repeatedly until the rabbits were stabilized. The blood pressures were measured by placing a human blood pressure cuff around the abdomen, inflating it in the usual manner, and palpating the femoral arterial pulse until it was obliterated. This method for measuring blood pressure in rabbits has been checked by simultaneous determinations with the ear-chamber apparatus of Grant and Rothschild (2) , and the results were identical when the chamber and cuff were connected to the same manometer. Although the abdominal-cuff method may not be as precise as direct intra-arterial measurement, it provides a simple and satisfactory non-surgical technique for demonstrating changes in pressure, and does not require anesthesia which might complicate the studies on endotoxin.
When the animals were about to be sacrificed, determinations of blood pressure, temperature, and leukocyte count were repeated, and 30 to 50 ml. of blood was drawn from the heart. The blood was citrated with one-fourth its volume of ACD (1.32 for 10 minutes. After several washings with saline, the buffy coat had been freed almost entirely of red cells.
Animals were sacrificed by exsanguination, during which process saline was injected intravenously so that the animals remained alive long enough to permit removal of maximum amounts of blood.
The tissues of all sacrificed animals were weighed and then soaked in tap water at 4°C. until the washings contained no appreciable hemoglobin in a 24-hour period. This procedure was necessary to insure that the presence of radioactivity in an organ was not that of the blood contained within it. Admittedly, endotoxin could be lost from the tissues but it is unlikely that a large proportion would disappear in view of the finding that the total radioactivity in the combined washings did not exceed by more than 5 per cent of the total injected that calculated to be present in the washed with saline three times, resuspended in their own plasma, and injected back into the rabbit from which they had been removed. The process required a total of 4 to 5 hours. The tagged cells were allowed to circulate for 72 hours before endotoxin was injected because the animals were unduly susceptible to endotoxin if it was injected within a few hours after the tagged cells had been returned to the rabbits.
To determine blood volumes, 4.0 ml. of blood were removed from the animal's heart and the activity determined in a well-type gamma ray counter manufactured by the Texas Company. Blood volume equalled total counts injected counts per sec. per ml. of circulating blood After each rabbit's normal blood volume was determined, the rabbit was given intravenously 1.0 mg. of non-labelled endotoxin. Blood samples of 4.0 ml. were removed from the heart at various intervals up to the time of death and blood pressures were determined periodically. Hematocrits were measured on the 4.0 ml. of cardiac heparinized blood, and leukocytes were counted in the blood from the ear vein. Red cell mass was calculated by multiplying hematocrit times blood volume and corrections were made for those cells removed at the time of each blood volume determination.
To test the distribution in vitro of free chromium and Eaclbi* receid iuvenously 21ml. of Naa CrO4 containing 5012cu b/ chromium bound to endotoxin each was mixed with citrated blood pooled from three rabbits as follows and incubated for one hour at 37°C.: 1.5 ml. Na2CrUO4 containing 253 counts per second (Texas well counter) plus 105 ml. pooled blood.
1.5 ml. labelled endotoxin (9 mg.) containing 253 counts per second plus 105 ml. pooled blood.
At the end of the incubation period, the bloods were separated into plasma, red cells, and buffy coat. Then each was examined for radioactivity. Cross matching was performed before the bloods were pooled to be certain that the experiment was not complicated by incompatibilities which might agglutinate red cells, or coat them with antibody in such a way that their affinity for chromium would be altered. Incompatibilities between blood from rabbits have been repeatedly demonstrated in this laboratory.
RESULTS
The results are summarized in Tables IA, IB, Table I which expresses the degree of concentration in tissues as well as per cent uptake. The relatively small size of certain viscera could permit marked concentration even though only a small per cent of total injected activity appears in them. Examinations of brain revealed no radioactivity after injection of labelled endotoxin.
The affinity of free CrI5 for red cells is also seen when Na2Cr5106 is added to whole blood in vitro.
-Similarly, the failure of labelled endotoxin to appear in red cells is observed when radioactive endotoxin is mixed with whole blood. This is illustrated in the following results expressed as Results of the studies on blood volume are given for the three rabbits in Figure 2 .
If the tag on endotoxin with Cr 5 can be regarded as stable in tivo, the results portrayed in Figures 1 and 2 may be summarized as follows: Endotoxin is carried in the plasma, but not red cells, immediately after intravenous injection. Within an hour, the plasma concentration of endotoxin falls to about %, and in two hours to % of the original. The period of rapid removal from the plasma is accompanied by fever, leukopenia and sometimes by hypotension and diarrhea. As it leaves the plasma, the largest percentages of endotoxin go to the liver, and to the buffy coat. The buffy coat takes up a great amount of endotoxin despite its relatively minute total mass. The leukocyte count drops precipitously during the period when the endotoxin accumulates in the buffy coat. Both lymphocytes and neutrophils fall. During the first hour, as endotoxin leaves the plasma, there is an initial fall in blood pressure to nearly shock levels but this is usually compensated for, at least temporarily. Then it may fall again just before death. In other animals the blood pressure is maintained and the animal dies suddenly with cardiac arrest. The cardiac action of some dying animals is very weak and irregular even for an hour before death. This is best determined by palpation of the heart through the chest wall. The blood volume undergoes a variable response. In one animal, it remained remarkably constant; in a second, it showed a fall during a period of severe diarrhea and remained low; and in a third, there was an initial fall followed by a return toward normal in two hours.
DISCUSSION
There is a remarkable difference in distribution of radioactivity between that obtained after the injection of sodium chromate, and after endotoxin tagged with -sodium chromate. This difference discloses the important fact that the Cr5' does not break away from endotoxin in vivo to follow the distribution of ionic hexavalent Cr5l. Because of the high affinity of chromate ion for red cells, their radioactivity can be used as a simple but sensitive indicator of whether the experiment with labelled endotoxin is complicated by the injection, or the splitting-off in vivo, of free Cr51. This property of chromate ion is another reason why Cr51, in the form of sodium chromate, is well suited for the preparation of radioactive endotoxin. It must be emphasized, in this connection, that endotoxin does not reduce affinity of red cells for chromate ion. The radio-
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PHYSIOLOGIC EFFECTS OF RADIOACTIVE ENDOTOXIN activity of red cells after the simultaneous injection of Na2Cr51O4 and non-labelled endotoxin ( Figure 1B ) was no less than that observed after Na2Cr51O, was injected by itself.
Other experiments from this laboratory also support the validity of the chromium label for tracing the distribution of endotoxin in vivo. Essentially the same pattern of distribution of radioactivity has been observed when the species of experimental animals or the form of Cr5' have been varied. In these confirmatory studies, mice received chromate labelled endotoxin and rabbits chromic (Cr51C18) labelled endotoxin (3, 4) .
Attempts are also being made to confirm the in vivo stability of the chromium label by the immunochemical methods customarily employed with simple protein antigens (5) . These techniques are of questionable value, however, in the case of endotoxin because its antigenic components do not necessarily correspond to its toxic components. Final proof that Cr5l remains attached in vivo to the toxic portion of the endotoxin complex will depend on recovery from the tissues of Cr51-labelled endotoxin in such a state that the amount of radioactivity per unit of toxicity is equal to or greater than that of the inoculated endotoxin. Until this is done, the possibility must be conceded that endotoxin could be split in vivo and that Cr5' could remain attached to a nontoxic portion.
It is significant that the apparent distribution of chromium-labelled endotoxin obtained from E. coli resembles closely that reported after inoculation of iodinated endotoxins from Serratia marcescens and Shigella flexneri (6, 7) . Seligman, Shear, Leiter, and Sweet (6) found that by far the greatest radioactivity appeared in the liver soon after the intravenous injection of mice with IP3"-labelled endotoxin of S. marcescens; and that next to the liver, most radioactivity appeared in the lung and kidney. They did not examine the buffy coat, but reported that radioactivity disappeared so rapidly from the plasma of a rabbit that only 24 per cent of that at zero time was present at four hours. This rapid disappearance from plasma of radioactivity after injection of endotoxin labelled with either Cr5' or I'$' is in marked contrast to its slow disappearance after inoculation of iodinated or chromated serum proteins from a heterologous species (8) .
The apparent heavy distribution of labelled endotoxin in the liver, buffy coat, lung, and spleen may be related to the ability of their phagocytic cells to remove endotoxin from the circulation. If the endotoxin in those tissues should exert no action locally or systemically, its removal would represent a protective function comparable to that exercised by the same organs when pathogenic bacteria are injected into the circulation. This protective removal of endotoxin might spare such targets as the brain. According to the important evidence of Penner and Klein (9), the brain mediates various systemic effects of endotoxin including hyperglycemia, hemoconcentration, intestinal edema, and even leukopenia. Our failure to detect radioactivity in the brains of rabbits receiving lethal doses of labelled endotoxin would suggest that the amount of endotoxin acting in the brain is too minute to detect, or that an agent which stimulates the brain might be elaborated after localization of endotoxin elsewhere.
It is possible that cerain manifestations may result from injury to those cells in which most of the endotoxin seemed to localize. For example, the apparent localization of chromium labelled endotoxin in the buffy coat, which contains leukocytes and platelets, may be related to the well known changes in leukocyte counts which take place whenever endotoxin is injected. It has also been demonstrated by Berthrong and Cluff (10) that centrifuged neutrophils lose their ability to migrate, and by Stetson (11) 
